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INCORPORATE DATA GENERATED BY THIS STUDY INTO LaRC’s VEHICLE 
PROCESSING OPERATIONS DATA BASE (VPOD). 



A KSC data base of procedures and processing flows from Shuttle, Spacelab, Delta, Centaur, and Apollo/Saturn programs was used to determine 
the tasks, timelines, manpower, resources, and facilities necessary to process OEXP vehicles both on the ground at KSC and on orbit at Space 
Station Freedom. These ground assembly, refurbishment, test, checkout, and launch procedures contain schedules, manpower, and support 
equipment requirements. The most appropriate analogy was selected for each OEXP vehicle element and task from this KSC data base. 
Additionally, the study team conducted detailed technical Interviews with the NASA and contractor systems engineers and technicians who are 
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The Mars Mission Vohlcle had a high degree of commonality with elements of the Phobos Gateway and Lunar Piloted Vehicles, and processing 
operations were derived from them. This Mars vehicle assembly flow was submitted to MDSSC-JSC for review and incorporation of accurate 
EVA/RMS operations times. Additional iterations to these flows to incorporate realistic EVA/RMS times and automation/robotics technology 
enhancements are planned. 
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Phobos Gateway 
Overall On-orbit Processing Flow 




The Lunar Piloted Vehicle and the Lunar Cargo Vehicle were designed by Martin Marietta. These vehicles are identical, except that the eight-man 
crew module is replaced on the LCV by an unmanned cargo element. The fully assembled and fueled vehicles are placed in LEO by a Shuttle-C 
ETO Launch Vehicle. The Space Shuttle orbiter is an ideal analogy since its flight crew systems, consumables, crew size, and mission duration are 
similar to the LPV. Some Shuttle tasks, such as hydraulic and auxiliary power unit servicing, have been deleted as the planned LPV does not utilize 
such systems and components. 
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LPV/LCV Overall On-orbit 
Turnaround Flow 
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The Mars Mission vehicle on which an assembly analysis was performed was designed by Boeing Aerospace. The piloted vehicle consists of the 
Mars Transfer Vehicle (MTV), which houses the crew in a zero gravity mode during transit, attached by four manipulator arms to the Mars Excursion 
Vehicle (MEV), which lands on the Martian surface. The TEIS and MEV descent/ascent hydrogen and oxygen tanks are launched wet from Earth, 
but require top-off before trans-Mars injection. The TMIS core stage (with five integrated engines) and three strap-on tank sets arrive on orbit fueled, 
and do not require top-off due to the short dwell time prior to use. 
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Mars Mission 

Overall On-orbit Assembly Flow 





In order to support LaRC in their providing Input to Section 3.10 (Evolution) of the Space Station Program Requirements Document, the study team 
was tasked with generating a list of 'hooks and scars’ to the assembly complete station which would enable it to evolve into an OEXP transportation 
node. For the purpose of determining “worst case' impacts to SSF, all vehicle processing operations, including cryogenic propellant loading, were 
baselined as taking place at SSF. An additional requirement was that the “hooks and scars' must encompass either Mars vehicle processing gr 
parallel processing of two Lunar vehicles. The SRD also stated that meteroid/debris protection was required for the Lunar vehicles while at SSF. 
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SSF Processing Hangar 












The procesing hangar will provide vehicle storage, power, cooling, and fluids servicing. Two Mobile Service Stations (MSS) are provided for 
simultaneous telerobotlc processing of two vehicles. Vehicles can be berthed to rotatable Station Interface Adapters (SIA), which simplify MSS 
access for vehicle inspection and servicing. An airlock and crew transfer pod are used to transfer crew members and equipment between the ops 
module and the OEXP vehicles without having to perform EVA. 
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SSF “Hooks & Scars” 
to Accommodate Hangar 
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(Phobos Gateway 

_____ integrated testing) 

Thermal Control 2 ammonia LOOP scars 35.5 kw heat rejection 105% of 

System (TCS) (1 for port, 1 for starboard bay) for each bay (48.8 KW electrical load 

peak for both bays) 

















The basic dual bay hangar facility includes a pressurized operations module, which functions as the monitor and control center for all vehicle 
processing and testing. It Includes a node with cupola and RMS control station, and Is located within the processing hangar to allow close proximity 
access and unobstructed visual line of sight to the OEXP vehicles. A pressurized “pocket lab" Is recommended to permit shirt sleeve maintenance 
on items requiring frequent service. Nodes are used for vehicle berthing and logistic resupply of the vehicles. 
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Operations module * hooks and scars” which reflect SSF evolutionary requirements that should be incorporated into the assembly complete station 
are provided. Additionally, living accommodations for the assembly/refurbishment work crews will be required. 



SSF “Hooks & Scars” 
to Accommodate Ops Module 

SCARS QUANTIFICATION 
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Environmental Control Oxygen stub, Nitrogen stub, As required W.R1 

Life Support System water stub, water recover to support 

stub, fire detection/ OPS module 

suppression stubs with node, cupola, 

& airlock 

















In support of a "Skunk Works" request, the study generated a list of proposed orbital support equipment (OSE). and estimated the total mass. Lunar 
vehicle refurbishment was selected for the OSE analysis since refurbishment requires more tasks to be performed on more systems than vehicle 
assembly. Shuttle ground support equipment (GSE) was used for the analogy. Shuttle GSE, however, fills warehouses and tool cribs, and had to be 
reduced to a realistic level for orbital operations. GSE for systems not found on the LPV (such as hydraulics and auxiliary power units) was deleted. 
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KSC ground processing experience has clearly demonstrated that on-orbit processing of space flight vehicles is very labor Intensive. Consequently, 
it Is absolutely essential that the design of these vehicles, facilities, and support equipment be optimized to eliminate or reduce on-orbit operations. 
EVA/telerobotic accessibility Is of vital concern. Hardware desgin recommendations are provided. 
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Hardware Design Recommendations 
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